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Abstract 

Background: Antigen-specific anti-tumor vaccines have demonstrated clinical efficacy, but immunological and 
clinical responses appear to be patient-dependent. We hypothesized that naturally-occurring differences in amino 
acid sequence of a host's target antigen might predict for immunological outcome from genetic vaccination by 
presentation of epitopes different from the vaccine. 

Methods: Using peripheral blood cells from 33 patients who had been treated with a DNA vaccine encoding 
prostatic acid phosphatase (PAP), we sequenced the exons encoding PAP and PSA genes from somatic DNA to 
identify single nucleotide polymorphisms. In addition, mRNA was collected to detect alternative splice variants 
of PAP. 

Results: We detected four synonymous coding mutations of PAP among 33 patients; non-synonymous coding 
mutations were not identified. Alternative splice variants of PAP were detected in 22/27 patients tested. The 
presence of detectable splice variants was not predictive of immunological outcome from vaccination. Immune 
responses to peptides encoded by these splice variants were common (16/27) prior to immunization, but not 
associated with immune responses elicited with vaccination. 

Conclusions: These results suggest that antigen-specific immune responses detectable after treatment with this 
genetic vaccine are specific for the host-encoded antigen and not due to epitope differences between the vaccine 
and a particular individual's somatic coding sequence. 
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Background 

Immunotherapies, and antigen-specific vaccines in par- 
ticular, are of great interest as a means of providing a 
tumor-specific therapy with ideally minimal toxicity. The 
recent successes with the 2010 FDA approval of 
Provenge" and ipilimumab as treatments for metastatic 
prostate cancer and melanoma to prolong survival 
underscore the potential of these types of novel therap- 
ies [1,2]. In addition, in 2010 the USDA approved the 
canine melanoma vaccine, Oncept™, a DNA vaccine en- 
coding human tyrosinase, on the basis of clinical trials 
demonstrating improved overall survival of dogs with 
melanoma treated with this vaccine [3]. A number of 
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cancer immunotherapeutic vaccines for other malignan- 
cies have progressed to Phase II and Phase III clinical tri- 
als on the basis of demonstrable clinical benefit [4]. For 
example, data from a large Phase II trial of a viral vaccine 
encoding prostate-specific antigen, PROSTVAC™, sug- 
gested an increase in overall survival of patients with 
metastatic prostate cancer [5]. A similar genetic vaccine 
targeting MUC1 (TG4010) has been shown to enhance 
the effects of chemotherapy in a Phase lib clinical trial of 
patients with advanced non-small cell lung carcinoma 
(NSCLC) and this vaccine is now in a Phase Ilb/III clinical 
trial evaluating first-line safety and clinical efficacy in 
prolonging survival [6]. In trials using these antigen- 
specific vaccines investigators have sought to identify 
antigen-specific immune responses as possible biomarkers 
for those individuals likely to benefit clinically from 
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vaccination. However, it has been observed that immuno- 
logical responses are present in some patients and not in 
others, and that immunological response is not always as- 
sociated with clinical response. Accordingly, some investi- 
gators examining cancer immunotherapies in preclinical 
and early Phase I and II clinical trials have chosen to 
utilize strategies meant to boost the frequency of im- 
munological responders and/or broaden the durability 
and quality of the immune responses elicited. Current 
strategies under investigation include alternative means of 
vaccine delivery, use of adjuvants and/or combination 
therapies, use of multiple antigens and/or multiple vaccine 
vectors, and taking advantage of xenoantigen cross- 
reactivity [7-12]. 

Studies from our group and others highlight that DNA 
vaccines offer an off-the-shelf, inexpensive, and mutable 
therapeutic option with very minimal toxicity and broadly 
augmentable clinical applications as far as schedule and 
dosing are concerned [7] . Our work with a DNA vaccine 
targeting prostatic acid phosphatase (PAP) has shown 
clinical safety and immunological efficacy, eliciting durable 
PAP-specific T-cell responses capable of amplification by 
subsequent booster immunizations [13,14]. Other antigens 
currently being targeted by genetic vaccines in human 
clinical trials include: carcinoma-embryonic antigen 
(CEA), gplOO, MAGE-A3, MUC1, NY-ESO-1, prostate- 
specific antigen (PSA), and prostate-specific membrane 
antigen (PSMA) [6,11,15-19]. 

Antigens encoded by genetic vaccines generally consist 
of a native DNA sequence based on readily available 
data from genomic and protein databases. Accordingly, 
xenogeneic vaccination utilizes highly homologous anti- 
gens specific to other species to hopefully elicit immune 
responses that cross-react with areas of similar or con- 
served epitopes. Xenogeneic cross-reactivity has specific- 
ally been researched and cited as an effective means of 
overcoming self-tolerance to tumor-associated antigens 
(TAAs) [12]. Indeed, the USD A approval of Oncept'" 
(Merial Ltd, Duluth, GA, USA) helped to highlight the 
immunological and clinical success of xenogeneic vac- 
cination, specifically the treatment of canine melanoma 
with a DNA vaccine encoding human tyrosinase [3]. 
Xenogeneic vaccination, specifically DNA vaccines using 
prime-boost strategies targeting mouse and human 
PSMA, have been under investigation for prostate can- 
cer [12]. Recent work from our laboratory has indicated 
that Lewis rats immunized with DNA vaccine encoding 
human PAP generate responses to the highly homolo- 
gous human antigen; in fact, these responses recognize a 
single epitope that differs from the rat PAP sequence by 
only two amino acids. However, in this particular system 
there is no evidence of cross -reactivity to the corre- 
sponding rat epitope [20]. Conversely, Copenhagen rats 
immunized with vaccinia vector encoding human PAP 



generate cytotoxic T lymphocyte (CTL) responses and 
subsequently experience prostatitis, indicative of an im- 
mune response against rat PAP [21]. These results sug- 
gest that xenoantigens may or may not elicit productive 
anti-tumor immune responses, and the effects might be 
dependent upon the MHC type of the host. Analogously, 
we speculated that if a DNA vaccine encoding a stand- 
ard antigen sequence was administered to patients who 
actually expressed a variation of that antigen, the 
vaccine-encoded-antigen (or some epitopes encoded) 
might be recognized as "foreign" in those patients. Thus, 
we reasoned that single nucleotide polymorphisms 
(SNPs) in the somatic PAP genes of patients might rep- 
resent very highly homologous antigens and might be an 
avenue for enhanced immune response following 
antigen-specific vaccination, or alternatively might ex- 
plain why immune responses occur, detectable to the 
homologous-but-foreign antigen, that are not associated 
with clinical response. 

Using available online database resources we observed 
that others have previously detected SNPs among individ- 
uals' genes encoding PAP (Ensembl Online Database). 
One previously detected SNP found among these data oc- 
curs in p299-307, a previously defined HLA-A2-restricted 
epitope of human PAP protein [22,23]. Additionally, a 
number of alternative splice variant messenger RNA tran- 
scripts exist for PAP, notably three protein-coding alterna- 
tive splice variant transcripts. Allelic variants in the 
somatic gene encoding PAP, as well as preferentially- 
expressed alternative splice variants of PAP, may represent 
very highly homologous antigens distinct from the 
vaccine-encoded antigen. In the current report we sought 
to determine the frequency of PAP target gene SNPs and 
the frequency of alternative splice variants of PAP in our 
patient population, as well as their associations with im- 
mune response following vaccination. 

Results 

Amino acid coding mutations have been previously 
detected among common anti-tumor genetic vaccine 
antigens 

Our laboratory and others have investigated anti-tumor 
genetic vaccines targeting a variety of protein antigens in 
clinical trials of breast cancer, gastrointestinal malig- 
nancy, melanoma, non-small cell lung cancer, ovarian 
cancer, and prostate cancer. Allelic variants have been 
detected for many of the common anti-tumor genetic 
vaccine antigens. Prepared using online resources, 
Table 1 summarizes the size and chromosomal location 
of genes encoding several common target antigens and 
highlights the frequency of previously identified SNPs in 
these genes. Notably, SNPs have been previously 
detected in the gene encoding PAP, the target of FDA- 
approved sipuleucel-T (Provenge™, Dendreon Corp., 
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Table 1 Human genes encoding common target antigens of genetic vaccines show previously detected allelic 
variations 



Target antigen 


AR 


CEA 


qplOO 


MAGE- A3 


NY-ESO-1 


PAP 


PSA 


PSMA 


TYR 


Gene ID 


AR-001 


CEACAM5-001 


PMEL-001 


MAGEA3-001 


CTAG1B-001 


ACPP-001 


KLK3-201 


FOLH1-001 


TYR-001 


Location 


Xq12 


1 9q1 3.1 -1 3.2 


12q13-q14 


Xq28 


Xq28 


3q21-q23 


19q 13.41 


1 1 pi 1 .2 


11q14-q21 


Synonymous Coding Mutations 


26 


28 


22 


16 


0 


13 


20 


19 


24 


1 \UI ID VI 1UI lyf I IUUj ^UUIMLj 

Mutations 


71 


61 


46 


43 


] 


22 


j? 


38 


95 


Stop Gain/Loss 


6 


1 


2 


0 


0 


3 


0 


0 


9 


Frameshift 


1 


1 


0 


0 


0 


0 


2 


2 


13 


Coding Unknown 


337 


0 


0 


0 


0 


0 


0 


I 


207 


Total 


441 


91 


70 


59 


I 


38 


61 


60 


348 


cDNA Length (bp) 


10065 


2907 


2757 


1724 


998 


3125 


1464 


2635 


2466 


Protein Length (aa) 


920 


702 


661 


314 


168 


386 


261 


750 


529 


Mutation Quotient 


0.085 


0.090 


0.073 


0.137 


0.006 


0.065 


0.157 


0.053 


0.221 



Eight genes encoding genetic vaccine target antigens under investigation in human clinical trials, and one gene encoding a prostate cancer target antigen of 
interest (AR), are listed in this table by antigen name as well as Gene ID taken from the USEast Ensemble online database. The NCBI-Gene and USEast Ensemble 
online databases provided information regarding chromosomal location of antigen gene, cDNA length (bp), and protein length (aa) as well as total number of 
allelic variations previously detected by others. Allelic variations are categorized into synonymous, non-synonymous, stop gain/loss, frameshift, or unknown coding 
mutations accordingly. Mutation quotient is defined as the sum of non-synonymous coding mutations, stop gain/loss, and frameshift mutations (mutations that 
could affect immunologically presented epitopes) divided by protein length (aa). Coding mutation online queries were performed April 16, 2012. 



Seattle, WA, USA) as well as the target of a DNA vac- 
cine currently being investigated in a Phase II clinical 
trial [1]. We included a "mutation quotient" in Table 1, 
defined as the sum of all exonic non-synonymous, stop 
loss/gain, and frameshift coding mutations, mutations 
that could specifically affect MHC-presented epitopes, 
for each gene divided by the amino acid (aa) length of 
the protein product. We observed that while some com- 
mon vaccine target antigens are highly conserved (e.g. 
NY-ESO-1), others are not. For instance, 41 amino acid 
coding mutations that could affect presented epitopes 
have been detected in the gene encoding PSA (261 aa 
protein), whereas in the gene encoding PAP (386 aa) 
only 25 amino acid coding mutations have been 
detected. We focused these experiments on PAP as it is 
the target antigen of the FDA-approved sipuleucel-T and 
given that we have previously detected PAP-specific im- 
mune responses in a subset of patients receiving a gen- 
etic vaccine, pTVG-HP, encoding this antigen. 

Allelic variations in patient PAP gene are detectable but 
non-synonymous coding mutations are not associated 
with differences in PAP-specific immune responses 

Our previously published reports indicate that multiple 
patients receiving anti-tumor vaccination against the 
self-antigen PAP showed evidence of antigen-specific 
immune responses detectable either post-vaccination or 
developing up to one year following immunization 
[13,14]. However, we failed to detect PAP-specific im- 
mune responses in some patients and additionally, in an 
on-going Phase Ib/II clinical trial using the same vac- 
cine, we have observed similar differences in immune 



response development (unpublished data). We hypothe- 
sized that non-synonymous allelic variations in patient 
PAP gene could relegate vaccine-encoded PAP protein 
as essentially foreign, thereby increasing the immuno- 
genicity of the DNA vaccine. Consequently, we sought 
to examine whether SNPs of the gene encoding PAP 
could be detected in the somatic DNA of patients re- 
ceiving antigen-specific genetic vaccination targeting 
PAP. We then wished to determine whether patient im- 
mune response following antigen-specific vaccination 
was associated with detectable allelic variations in the 
target antigen, PAP. 

Using primers indicated in Additional file 1: Table SI, 
we sequenced genes encoding PAP from genomic DNA 
extracted from PBMC from a total of 33 patients. 
Among the ten exons of PAP, we detected four SNPs or 
allelic variants (Figure 1A). Six patients expressed a T>G 
transversion in the first codon of PAP exon 2 (PAP- 
c.122T>G, 6/33, 18.18%). Eleven patients expressed a 
C^T transition in the 23rd codon of PAP exon 8 (PAP- 
c.849C>T, 11/33, 33.33%). Fifteen patients expressed a 
T— >C transition in the ninth codon of PAP exon 10 
(PAP-c.993T>C, 15/33, 45.45%). Seventeen patients 
expressed an A— >G transition in the 60th codon of PAP 
exon 10 (PAP-1146A>G, 17/33, 52.52%). As demon- 
strated in Table 2, we observed that the expression of 
PAP-c.l22T>G differed significantly between immune 
responders and non-responders (p=0.0015, Fisher's exact 
test). However, all of the PAP SNPs detected in our pa- 
tients were synonymous coding mutations, producing no 
alterations in the amino acid sequence of the PAP pro- 
tein. Thus, contrary to our hypothesis, patients with 
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X - Synonymous Coding Ml- 
- Nan -Synonymous Codini 



Prostate -Specific Antigen (PSA) Sequence 

Exon Sequence 



ATG AGA GCT GCA CCC CTC CTC CTG GCC AGG GCA GCA AGC CTT AGC 1 ATG TGG &TC CCG GTT GTC TTC CTC ACC CTG TCC GTG ACG TGG ATT 

CTT GGC TTC TTG TTT CTG CTT TTT TTC TGG CTA GAC CGA AGT GTA G 
CTA GCC AAG GAG TTG AAG TTT GTG ACT TTG 





GKG 






























2 


GK 


GCT 


gch 


CCC 


CTC 


ATC 


CTG 


TCT 


CGG 


ATT 


GTG 


GGA 


GGY 


TGG 


GAG 


2 


TTT 


CGG 


CAT 


GGA 


GAC 


CGA 


AGT 


CCC 


ATT 


GAC 


ACC 


TTT 


CCC 


ACT 




TGC 


GAG 


AAG 


CAT 


TCC 


CAA 


CCC 


TGG 


CAG 


GTG 


CTT 


GTG 


GCC 


TCT 


CGT 




GAC 


CCC 


ATA 


AAG 


GAA 


TCC 


TCA 


TGG 


CCA 


CAA 


GGA 


TTT 


GGC 


CAA 


CTC 




GGC 


AGG 


GCA 


GTC 


TGC 


GGC 


GGT 


GTT 


CTG 


GTG 


CAC 


CCC 


CAG 


TGG 


GTC 




ACC 


CAG 






























CTC 


ACA 


GCT 


GCC 


CAC 


T6C 


ATC 


AGG 


AA 














3 


CTS 


GGC 


ATG 


GAG 


CAG 


CAT 


TAT 


GAA 


CTT 


GGA 


GAG 


TAT 


ATA 


AGA 


AAG 


3 


C 


AAA 


AGC 


GTG 


ATC 


TTG 


CTG 


GGT 


CGG 


CAC 


AGY 


CTG 


TTT 


CAT 


CCT 




AGA 


TAT 


AGA 


AAA 


TTC 


TTG 


AAT 


GAG 


TCC 


TAT 


AAA 


CAT 


GAA 


CAG 






GAA 


GAC 


ACA 


GGC 


CAG 


GTA 


TTT 


CAG 


GTC 


AGC 


CAC 


AGC 


TTC 


CCA 


CAC 




































CCG 


CTC 


TAC 


E ; ~ 


ATG 


AGC 


CTC 


CTG 


AAG 


AAT 


CGA 


TTC 


CTC 


AGG 


CCA 


4 


GTT 


TAT 


ATT 


CGA 


AGC 


ACA 


GAC 


GTT 


GAC 


CGG 


ACT 


TTG 


ATG 


AGT 


GCT 




GGT 


SAT 


GAC 


TCC 


AGC 


CAC 


GAC 


CTC 


ATG 


CTG 


CTC 


CGC 


CTG 


TCA 


GAG 




ATG 


ACA 


AAC 


CTG 


GCA 


GCC 


CTG 


TTT 


CCC 


CCA 


GAA 


GGT 


GTC 


AGC 


ATC 




CCT 


GCC 


GAG 


Etc 


ACG 


GAT 


GCT 


GTG 


AAG 


GTC 


ATG 


GAC 


CTG 


CCC 


ACC 




TGG 


AAT 


CCT 


ATC 


CTA 


CTC 


TGG 


CAG 


CCC 


ATC 


CCG 


GTG 


CAC 


ACA 


GTT 




CAG 


GAG 


CCA 


GCA 


CTG 


GGG 


ACC 


ACC 


TGC 


TAC 


GCC 


TCA 


GGC 


TGG 


GGC 




CCT 


CTT 


TCT 


GAA 


GAT 


CAG 






















AGC 


ATT 


GAA 


CCA 


GAG 


GAG 


r 


















5 


ITS 


CTA 


TAC 


CTG 


CCT 


TTC 


AGG 


AAC 


TGC 


CC" 


CGT 


TTT 


CAA 


GAA 


CTT 


4 


TC 


TTG 


ACC 


CCA 


AAG 




CTT 


CAG 


TGT 


GTG 


GAC 


CTC 


CAT 


GTT 


aQt 




GAG 


AGT 


GAG 


ACT 


TTG 


AAA 


TCA 


GAG 


GAA 


TTC 


CAG 


AAG 


AGG 


CTG 


CAC 




TCC 


A A ~ 


GAC 


GTG 


TGT 


GCG 


CAA 


GTT 


CAC 


CCT 


CAG 


A A G 


GTG 


ACC 


AAG 




CCT 


TAT 


AAG 




























TTC 


ATG 


CTG 


TGT 


GCT 


GGA 


CGC 


TGG 


ACA 


GGG 


GGC 




AGC 


ACC 


TGC 


6 


GAT 


TTT 


ATA 


GCT 


ACC 


TTG 


GGA 




CTT 


TCA 


GGA 


TTA 


CAT 


GGC 


CAG 




TCG 
































GAC 


CTT 


TTT 


GGA 


ATT 


TGG 


AGT 


AAA 


GTC 


TAC 


GAC 


CCT 


TTA 


TAT 


TGT 


5 


GGT 


GAT 


TCT 


GGG 


GGC 


CCA 


CTT 


GTC 


TGT 


AAT 


GGT 


GTG 


CTT 


CAA 


GGT 




GAG 
































ATC 


ACG 


TCA 


TGG 


GGC 


AGT 


GAA 


CCA 


TGT 


GCC 


CTG 


CCC 


GAA 


AGG 


CCT 




































TCC 


CTG 


TAC 


ACC 


AAG 


GTG 


GTG 


CAT 


TAC 


CGG 


AAG 


TGG 


ATC 


AAG 


GAC 


7 


AGT 


GTT 


CAC 


AAT 


TTC 


ACT 


TTA 


CCC 


TCC 


TGG 


GCC 


ACT 


GAG 


GAC 


ACC 




ACC 


ATC 


GTG 


GCC 


AAC 


CCC 


TG A 




















ATG 


ACT 


AAG 


TTG 


AGA 


GAA 


TTG 


TCA 


GAA 


TTG 


TCC 


CTC 


CTG 


TCC 


CTC 
































TAT 


GGA 


ATT 


CAC 


AAG 


CAG 


AAA 


GAG 


AAA 


TCT 


AGG 


CTC 


CAA 


GGG 


G 


































8 


GT 


GTC 


CTG 


GTC 


AAT 


GAA 


ATC 


CTC 


AAT 


CAC 


ATG 


AAG 


AGA 


GCA 


ACT 




































CAS 


ATA 


CCA 


AGC 


TAC 


AAA 


AAA 


CTY 


ATC 


ATG 


TAT 


TCT 


GCG 






































S 


CAT 


GAC 


ACT 


ACT 


GTG 


AGT 


GGC 


CTA 


CAG 


ATG 


GCG 


CTA 


GAT 


GTT 


TAC 




































AAC 


GGA 


CTC 


CTT 


CCT 


CCC 


TAT 


GCT 


TCT 


TGC 


CAC 


TTG 


ACG 


GAA 


TTG 



































TAC TTT GAG AAG GG 

G GAG TAC TTT GTG GAG ATG TAC TAY CGG AAT GAG ACG CAG CAC 

GAG CCG TAT CCC CTC ATG CTA CCT GGC TGC AGC CCC AGC TGT CCT 

CTG GAG AGG TTT GCT GAG CTG GTT GGC CCT GTG ATC CCT CAA GAC 

TGG TCC ACG GAG TGT ATG ACC ACA AAC AGC CAT CAA GGT ACT GAR 

GAC AGT ACA GAT TAG 



Figure 1 Allelic variants in patient PAP and PSA genes are detectable. Sanger sequencing was conducted to identify allelic variants in 
patients' PAP gene (A) and PSA gene (B). Allelic variants are highlighted to indicate either synonymous (gray) or non-synonymous (black) coding 
mutations. Coding mutations are designated with transversions K (keto) and M (amino), as well as transitions R (purine), and Y (pyrimidine) IUPAC 
nucleotide ambiguity codes. 



evidence of PAP-specific immune responses did not en- 
code PAP protein different in amino acid sequence from 
the immunization vector-encoded PAP and it was there- 
fore unlikely that immune responses detected following 
vaccination were due to responses to epitopes differing 
between the host and immunization vector. 

Allelic variations in patient PSA gene are detectable and 
encode changes in amino acid sequence 

Among these same 33 individual patient samples, we 
also sequenced patients' genes encoding PSA as it is not 
only the target antigen of other genetic vaccines, 
PROSTVAC and a plasmid DNA vaccine, but is also the 
primary serum marker protein used in the diagnosis of 
prostate cancer and the most widely used cancer bio- 
marker [24,25]. Among five exons of PSA, we detected 
seven SNPs (Figure IB). Two patients expressed a T— »G 
transversion in the first codon of PSA exon 2 (PSA- 
c.48T>G, 2/33, 6.06%). One patient expressed an A^C 
transversion in the third codon of PSA exon 2 (PSA- 
c.54A>C, 1/33, 3.03%). One patient expressed a C— >T 
transition in the 13th codon of PSA exon 2 (PSA- 
c.84C>T, 1/33, 3.03%). Seven patients expressed a C— >T 
transition in the 11th codon of PSA exon 3 (PSA- 
c.237C>T, 7/33, 21.21%). These four SNPs were syn- 
onymous coding mutations and as such did not encode 
for a change in the amino acid sequence of PSA protein. 
However, we also detected three SNPs of a non- 
synonymous nature. Two patients expressed a G— >A 
transition in the 34th codon of PSA exon 3 resulting in 



a D102N amino acid change (PSA-c.304G>A, 2/33, 
6.1%). Four patients expressed a C— >A transversion in 
the 64th codon of PSA exon 3 resulting in an LI 321 
amino acid change (PSA-394C>A, 4/33, 12.1%). Two pa- 
tients expressed a T— >C transition in the 15th codon of 
PSA exon 4 resulting in an I179T amino acid change 
(PSA-c.536T>C, 2/33, 6.1%). Thus, albeit in a small pa- 
tient population, amino acid divergent allelic variants of 
PSA, a smaller protein, were more common than those 
of our target antigen, PAP. 

Transcript variants of PAP are detectable by RTPCR from 
patient PBMC samples 

Although we found that all patients receiving antigen- 
specific vaccination shared complete protein homology 
with the immunizing vector encoding PAP, messenger 
RNA transcripts exist for the native protein as well as 
eight other alternative splice variants. In total, there are 
four known protein-coding transcripts of PAP including 
ACPP-001 (native PAP), ACPP-002, ACPP-003, and 
ACPP-004 [26]. We hypothesized that expression of PAP 
alternative splice variants could present an additional set 
of antigenic epitopes not encoded by vaccine and, if 
expressed preferentially, may render immune responses 
to vaccine irrelevant and inform why immune response 
is not necessarily equivalent to clinical response fol- 
lowing antigen-specific vaccination. We consequently 
sought to determine whether we could detect native 
and/or splice variant transcripts of PAP in our patients. 
Without an available resource of prostate or tumor 
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Table 2 Patients express multiple allelic variations of PAP and PSA genes 



PAP allelic variants PSA allelic variants 



Patients 122T>G 849C>T 993T>C 1146A>G 48T>G 54A>C 84C>T 237C>T 304G>A 394C>A 536T>C 

1 X X X X X 

2 X X X X 

3 X X 

4 X 

5 X 

6 X 

Non-Responders 7 XXX 

8 XXX 

9 X 

10 
11 
12 

13 XXX 

14 
15 

16 XX 

17 XXX X 

18 XX 

19 X X X X X 

20 XX 

21 X X X 

22 

23 X X XX 

24 

25 X 



Immune Responders 



26 XX X 

27 X X X X 

28 X 

29 XX X 

30 XXX 

31 XXX X 

32 

33 XXX 

Shown are individual SNPs detected among PAP-specific immune non-responding patients (top, 1-13) and PAP-specific immune responding patients (bottom, 
14-33}. Detected allelic variants are named for their relative position within each gene such that PAP-c.122T>G is the T— >G transversion in the 122 nucleotide 
from the cDNA start site. Detection of an allelic variant is indicated by an X. Bold face indicates synonymous coding mutations and bold face italic indicates 
non-synonymous coding mutations. 



biopsies from these patients, we collected mRNA from 
patient PBMC samples collected prior to vaccination 
and performed RTPCR. To detect the PAP variants 
ACPP-002 and ACPP-004, we designed primers that 
would yield a native PAP product as well as, if present, 
a variant PAP product of a smaller size (Figure 2A). To 
detect ACPP-003, we designed primers that would 
yield an amplicon specific to the transmembrane 



domain without amplifying native PAP. Figure 2A de- 
picts the eleven pertinent exons of the four known 
protein-coding transcripts of PAP, shows the splice 
variant specific alterations for each member, and indi- 
cates the expected sizes of amplified regions using the 
primers designed (listed in Additional file 2: Table S2). 

Following RTPCR amplification of mRNA from 27 pa- 
tients with pre-vaccination PBMC still available, we 



Becker and McNeel Journal for ImmunoTherapy of Cancer 2013, 1:2 
http://www.immunotherapyofcancer.Org/content/1/1/2 



Page 6 of 13 




B 



Lanes 1 2 3 4 5 6 7 




Figure 2 Native and splice variant mRNA transcripts of PAP are 
detectable in patients prior to vaccination. Panel A: Shown 
schematically are the four protein-coding transcripts of PAP 
including exons which are retained or excluded. Primer sets for 
ACPP-002 and ACPP-004 were designed to yield a native PAP 
product of indicated size as well as, if present, a variant PAP product 
of indicated size and as indicated by the gray boxes. Primer set for 
ACPP-003 was designed to yield a PAP-TM product of indicated size 
specific to the transmembrane domain-coding region of that 
transcript. Panel B: A representative agarose gel image of RTPCR 
products shows (3-actin in lane 1, KLK3 (PSA) in lane 2, ACPP-002 
native and variant bands in lane 3, ACPP-003 in lane 4, ACPP-004 
native and variant bands in lane 5, no template control in lane 6, 
and 50 bp DNA ladder in lane 7. 



found that detection of these four protein-coding tran- 
scripts was common in non-responding as well as 
immune-responding patients (Figure 2B and Table 3). 
Direct sequencing of isolated bands confirmed that 
RTPCR amplified expected transcripts of native PAP and 
splice variants of PAP (data not shown). We detected 
PSA transcripts in some prostate cancer PBMC samples 
(Table 3) but not in PBMC samples from volunteer 
blood donors (n=3, data not shown). Surprisingly, we 
did detect native PAP and/or one of the splice variants 
in three of three PBMC samples from patients without 
prostate cancer (data not shown). These results warrant 
further investigation into the transcriptional regulation 
and tissue-specificity of native PAP and splice variants; 
future studies are planned to expand upon these results. 
Nonetheless, the presence of detected alternative splice 
variants in patients with and without immune responses 
elicited to the native protein suggested that immune 
response to antigen-specific vaccination is neither 



hindered nor enhanced by their presence. As such their 
presence does not represent a means of circumventing 
immune responses to the native antigen. 

Immune responses to regions specific to PAP splice 
variants are detectable in patients prior to vaccination 
with antigen-specific DNA vaccination 

We have observed PAP-specific immune responses in pa- 
tients prior to vaccination that were augmented following 
antigen-specific vaccination [14]. In addition, we have pre- 
viously reported that PAP-specific T-cell proliferative im- 
mune responses are detectable in -11% of patients with 
prostate cancer irrespective of immunization [27]. In the 
current study, because patients expressed detectable tran- 
scripts of native and splice variant PAP, and in particular 
because expression of the splice variants was quite com- 
mon among patients tested, we questioned whether pa- 
tients who possessed detectable native PAP and/or PAP 
splice variant transcripts might exhibit immune responses 
to peptide epitopes specific to PAP splice variants. As such, 
to identify immune responses specific for the native or 
splice variants of PAP, we designed 15-mer peptide pools 
specific to the splice junctions of each alternative splice 
variant PAP protein (Figure 3A and B) and used a peptide 
pool comprised of 38 individual 15-mer overlapping pep- 
tides spanning the full length of the native PAP protein to 
identify immune responses to the native protein (ACPP- 
001) [28]. Among 27 patients tested for IFN-y-secreting 
immune responses to alternative splice junction peptide 
pools from samples collected prior to clinical vaccination, 
we found evidence of immune response to the native PAP 
pool (PAPi_ 386 ) in 2 patients, similar to our previous report 
[27]. Responses to most splice variants were at a similar 
frequency, however responses to a portion of the trans- 
membrane ACPP-003 (s3p2 pool) were detected at a high 
frequency, in 15 (56%) patients (Table 4). There was no dif- 
ference in the frequency of this baseline response between 
immune responders and non-responders (p=1.0, Fisher's 
exact test). Overall these results suggest that alternative 
splice variants of PAP are detectable in patients, some pa- 
tients possess baseline immune responses to regions spe- 
cific to those variants as well as to the native PAP, and 
immune responses to the transmembrane transcript vari- 
ant of PAP were particularly common in these patients 
with prostate cancer. While these results suggest that the 
transmembrane variant of PAP might be particularly im- 
munogenic, the presence of immune responses specific to 
the transmembrane transcript did not preclude the devel- 
opment of immune responses to the native PAP protein 
following immunization. 

Discussion 

At the outset of this investigation we questioned whether 
differences in immune response following antigen-specific 
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Table 3 mRNA transcripts of native and splice variants of PAP are detectable in pre-vaccination patient PBMC 



PAP mRNA transcripts 



Control mRNA transcripts 





Patients 


ACPP-001 


ACPP-002 


ACPP-003 


ACPP-004 


(3-actin 


KLK3-201 




1 


X 




X 




X 


X 




2 


X 


X 


X 


X 


X 


X 




3 


X 


X 


X 


X 


X 






4 


X 


X 


X 




X 


X 




5 










X 


X 




6 


X 


X 


X 


X 


X 




Non-Responders 
















/ 


X 


X 


X 




X 






8 


X 




X 




X 


X 




10 






X 




X 


X 




1 1 


X 


X 


X 


X 


X 


X 




12 


X 




X 


X 


X 


X 




13 










X 






14 


X 


X 


X 




X 


X 




15 


X 




X 


X 


X 


X 




16 


X 




X 




X 


X 




17 


X 


X 


X 


X 


X 


X 




18 


X 




X 




X 


X 




19 


X 


X 


X 




X 


X 




24 


x 








x 


x 


Immune Responders 


25 


X 








X 






26 










X 


X 




27 


X 


X 


X 


X 


X 


X 




28 


X 




X 




X 


X 




29 


X 




X 


X 


X 


X 




31 


X 




X 




X 


X 




32 


X 




X 




X 


X 




33 


X 


X 


X 


X 


X 


X 



Shown are native and alternative splice variant PAP products detected among immune non-responding patients (top, 1-13) and immune responding patients 
(bottom, 14-33}. Detection of an mRNA transcript is indicated by an X. 



vaccination might be due to a phenomenon similar to 
xenogeneic cross-reactivity. Specifically, we hypothesized 
that patients expressing highly homologous allelic variants 
and/or alternative splice variants of PAP might present 
different epitopes than those encoded by the vaccine, per- 
mitting the vaccine to invoke a cross-reactive response to 
homologous epitopes. This seems to not be the case for 
these patients and this antigen. However, we believe these 
findings are novel and relevant to the tumor immunology 
field in that: 1) this is the first examination of the allelic 
variation of a somatic gene targeted by genetic vaccination 
among patients receiving said vaccine; 2) this is the first 
report showing detection of mRNA transcripts of native 
PAP and alternative splice variants of PAP from peripheral 
blood samples; 3) this is the first evaluation of associations 
between immune response to vaccination and the detec- 
tion of allelic or transcriptional antigen variants; and 4) 



this report effectively demonstrates in humans that 
antigen-specific immunization can elicit a response to the 
host genome-encoded antigen. In addition, our report 
demonstrates that IFN-y-secreting immune responses 
specific for alternative splice variants of PAP are common, 
suggesting that, in particular, the transmembrane variant 
of PAP might be a relevant immunological target antigen 
for future investigation. 

We detected synonymous coding mutations of PAP in 
the somatic DNA of 33 patients that went on to receive 
a genetic vaccine encoding an antigen with an amino 
acid sequence identical to their own (pTVG-HP). Our 
initial interest was that genetic variation in the target 
antigen could predict or inform immunological response 
to subsequent vaccination. We have previously published 
results indicating that some patients developed immune 
responses following vaccination with pTVG-HP and 
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Figure 3 Peptides specific to PAP splice variant proteins designed for the detection of pre-existing immune responses span splice 
junctions of variant proteins. Panel A: Shown is an amino acid sequence alignment of the four protein coding alternative splice variants of PAP 
with the native PAP protein. Panel B: Shown are the amino acid sequences of five peptide pools spanning the alternative splice variants of PAP, 
including three pools for the transmembrane domain of ACPP-003. 



others did not, and the present sequencing results sug- 
gest that detectable immune responses were likely react- 
ive to the PAP self-antigen in contrast to other vaccines 
which take advantage of xenoantigen cross-reactivity to 
elicit responses [13,14]. While this is the probable case 
for these patients immunized with PAP-targeted vac- 
cines, immunogenicity and frequency of allelic variation 
of other vaccine antigens (such as gplOO, PSMA, PSA 
and tyrosinase) may differ greatly from those known 
presently. More to the point, these results suggest that 
vaccination with pTVG-HP, or sipuleucel-T which simi- 
larly targets PAP, are truly targeting the antigen of inter- 
est, rather than a highly homologous or "foreign" 
protein. However, it should be noted that we examined 
the expression of allelic variation in somatic DNA cod- 
ing for the target antigen. PAP protein expression can 
increase with progression of prostate cancer, being 
expressed on AR-negative neuroendocrine cells, and it is 
thus possible that due to an evolving karyotype, genetic 
mutation of proteins expressed by tumor cells (not de- 
tectable in our analysis) could allow for immune evasion 
following vaccination [29]. In the present study, patient 
tumor samples were not available to evaluate the associ- 
ation between PAP mutations in tumor cells and im- 
mune response to PAP-specific vaccination. Moreover, 
the trials from which these samples were obtained ac- 
crued patients with minimal residual disease, without 
radiographic evidence of metastases, hence such samples 
were not available. Certainly, future studies examining 
differences in immune response to vaccination with re- 
spect to possible variations in tumor-encoded antigen 
could be informative. 

As shown in Table 1, PAP is one of the more highly 
conserved vaccine target antigens currently under 



investigation. PSA is less conserved, with a greater num- 
ber of protein-altering mutations previously detected, 
despite it being a protein of fewer amino acids. While 
we detected non-synonymous coding mutations of PSA 
we cannot know the impact this may (or may not) have 
on the efficacy of a genetic vaccine encoding PSA in 
these patients. As these allelic variants encode for an 
amino acid sequence different from the native PSA pro- 
tein, broader investigation of variants of this antigen is 
warranted [30,31]. PROSTVAC™ is a genetic vaccine en- 
coding PSA currently being investigated in Phase III 
clinical trials, and with such a large patient population 
associations of immunological and/or clinical response 
with expression of non-synonymous coding mutations of 
PSA might be possible. Serum PSA protein replaced 
PAP as the standard clinical biomarker for the detection 
and diagnosis of prostate cancer, as well as for staging 
and monitoring prostate cancer progression [32,33]. 
Both of these prostate-specific serum proteins, PAP and 
PSA, are measured in the serum of patients with pros- 
tate cancer, using immunometric assays specific to each 
protein [34]. Immunometric assays allow sufficient sensi- 
tivity for the detection of small quantities of secreted 
protein as biomarkers. However, this assay utilizes anti- 
bodies that recognize specific epitopes of the protein to 
be measured. In patients expressing non-synonymous 
coding mutations or alternative splice variants within 
recognized epitopes which alter antibody binding, 
detection and measurement of serum protein could be 
compromised. 

In the present study, we did not observe differences be- 
tween immune non-responding and immune responding 
vaccine patients in their expression of allelic variants of 
PAP or in their expression of alternative splice variants of 
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Table 4 Immune responses to peptides specific to PAP splice variant proteins are detectable in patients 



Library Splice junction peptide pools Control antigens 

Patients hPP s2p1 s3p1 s3p2 s3p3 s4p1 rPP-100 SSX2-p167 PHA 

1 XXX X 

2 X X X X X 

3 X X 

4 XX 

5 X 

6 X 

Non-responders 

8 X 

10 X X 

11 X X 

12 X X 

13 X 

14 X X 

15 X X X 

16 XX 

17 XX 

18 XXX XXXX 

19 XX 
24 X 

Immune responders 25 X X 

26 X X 

27 X X 

28 X X 

29 X X X 

31 X X 

32 X X 

33 X 



PBMC from immune non-responding patients (top, 1-13) and immune responding patients (bottom, 14-33} obtained prior to immunization were assessed for 
IFN-y-secreting immune responses by ELISPOT following stimulation with peptides pools specific to the alternative splice variants of PAP or a peptide pool from 
the native antigen. The presence of a statistically significant IFN-y-secreting immune response to a specific peptide pool as described above is indicated by an X. 



PAP. A major goal for investigators in the field of cancer 
immunotherapy is the identification of patient characteris- 
tics capable of predicting immune response and/or 
informing vaccine target selection [35]. While we did not 
find evidence of response discrimination, larger patient 
population and inclusion of other somatic and tumor anti- 
gens in the sequencing step might aid in this goal. We 
found a significant association between immune response 
to pTVG-HP and the synonymous mutation: PAP-c 
.122T>G. Others have published interesting, sometimes 
deleterious, effects of synonymous coding mutations in- 
cluding alteration of spliceosome recognition sites, activa- 
tion of cryptic splice donor sites, destabilization of 
mRNA, alteration of codon preference during splicing, 
modulation of mRNA degradation, and/or ribosomal 
interaction during translation [36-39]. This particular 



mutation occurs within the first codon of the second exon. 
Hence, it is conceivable that this variant affects correct 
splicing and thus might affect antigen expression overall 
rather than affect a specific epitope. We were not able to 
evaluate PAP protein expression in individual subjects, 
however the possibility that synonymous mutations could 
lead to difference in protein expression that affects im- 
munological response provides an avenue for future stud- 
ies. In addition, expanding the patient population and 
perhaps including upstream promoter regions, intronic 
and downstream regulatory regions, and androgen- or 
immune-related genes as well as evaluating the possible 
structural and interacting elements influencing this anti- 
gen are also of great future interest. 

Other criteria have been reported or discussed as pos- 
sibly predicting for immune response to vaccination, 
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including the so-called "immune score/' pre-existing im- 
mune responses, and other intrinsic patient characteris- 
tics [40-42]. It is hypothesized that DNA vaccination is 
facilitated by TLR9 activation by vaccine-encoded CpG 
motifs. Of interest, Silver and colleagues reported that 
TLR9 expression and function demonstrate responsive- 
ness to circadian rhythm in mice [43]. As such, it is con- 
ceivable that the timing of DNA vaccination in human 
patients might be scheduled to increase immunogenicity. 
In addition, recent work from our lab using samples 
from some of these same patients, showed that PAP- 
specific T-regulatory cells expressing CTLA-4 and se- 
creting IL-35 exist in some individuals prior to vaccin- 
ation and persist during immunization [44]. This 
suggests that the detection of antigen-specific regulatory 
T-cell responses might be an additional means of identi- 
fying patients likely to respond, or not, to vaccination. 

The present study examines baseline genomic, tran- 
scriptional, and immunological differences in a protein 
target antigen (PAP) against which study patients even- 
tually were vaccinated with a genetic vaccine. The field 
of cancer immunotherapy continues to make progress 
towards elucidating the reasons or mechanisms for why 
one patient responds and another does not. This study 
may represent a starting point for future workflow meth- 
odologies attempting to "personalize" antigen-specific 
immunization to identify which patients are most likely 
(or not) to respond to immunization. 

Conclusions 

In this report we hypothesized that patients expressing 
highly homologous allelic variants and/or alternative 
splice variants of a tumor antigen (PAP) might present dif- 
ferent epitopes than those encoded by a genetic vaccine, 
thus permitting the vaccine to invoke a cross-reactive re- 
sponse to homologous, but potentially not "self," epitopes. 
Despite a relatively small population, we did not identify 
non-synonymous amino acid coding variants within the 
genomic sequences encoding this antigen, however ex- 
pression of alternative PAP splice variants was common. 
Neither was associated with immune outcome, effectively 
demonstrating that genetic vaccination can elicit a re- 
sponse to the host genome-encoded antigen and that im- 
mune responses detected are not directed to "foreign" 
epitopes presented during vaccination. We believe these 
findings are of relevance to other anti-tumor vaccines, in- 
cluding sipuleucel-T, the only FDA-approved anti-tumor 
vaccine that similarly targets the PAP tumor antigen. 

Methods 

Patient population, study agent, regulatory information, 
and clinical trial information 

We have previously reported the results of a Phase I trial 
using a plasmid DNA vaccine encoding human PAP, 



pTVG-HP, in patients with biochemically (serum PSA) re- 
current prostate cancer after definitive surgery and/or ra- 
diation therapy not receiving androgen deprivation 
therapy [13,14]. A similar Phase Ib/II trial using pTVG- 
HP is ongoing at the time of this writing, in patients with 
biochemically (serum PSA) recurrent prostate cancer after 
definitive surgery and/or radiation therapy, without radio- 
graphic evidence of metastases, and receiving androgen 
deprivation therapy (NCT00849121). Cryopreserved per- 
ipheral blood mononuclear cell (PBMC) samples from 
these two trials were prepared using the same procedures, 
and used for the analyses described. In short, PBMC from 
both clinical trials were purified from blood in heparinized 
collection tubes generally within 6 hours of phlebotomy 
appointment and were cryopreserved in liquid nitrogen. 
Samples were grouped as immune responders and im- 
mune non-responders based on previous detection of 
PAP-specific interferon-gamma secreting immune re- 
sponse up to one year following vaccination with pTVG- 
HP by ELISPOT, as previously described [14]. Specifically, 
patients with significant (p < 0.05 by two-tailed t test com- 
parison with media-only control) PAP protein-specific 
IFNy response detectable at two or more time points over 
one year following vaccination were designated as im- 
mune responders. Patients not meeting these criteria were 
designated immune non-responders. Multiple vials from 
each patient in either response pool were effaced to re- 
move identification and then recoded numerically to 
maintain anonymity. Study procedures were reviewed and 
approved by the Institutional Review Board of the Univer- 
sity of Wisconsin-Madison. 

Written informed consent was obtained from all pa- 
tients for use of blood samples for research remaining 
from the clinical trials, and the specific research of this 
report was approved by the IRB of the University of 
Wisconsin-Madison. 

Genomic DNA extraction, primer design, PCR 
amplification, and direct Sanger sequencing 

Somatic, genomic DNA was extracted from cryopreserved 
PBMC samples using Wizard Genomic DNA Extraction 
Kit (Promega, Madison, WI, USA) per the manufacturer's 
instructions. DNA samples were quantified by Nanodrop 
spectrophotometer (Thermo Fisher Scientific, Wilming- 
ton, DE, USA). PCR amplification and sequencing 
genomic DNA oligonucleotide primers were designed 
for ten exons of PAP (ACPP-001, Ensembl Gene ID: 
ENSG00000014257) and five exons of PSA (KLK3-201, 
Ensembl Gene ID: ENSG000000142515) from genomic 
sequence data available (Additional file 1: Table SI). Sam- 
ples were sequenced at the University of Wisconsin Bio- 
technology Center DNA Sequencing Core Facility using 
described primers by the direct Sanger method [45]. Se- 
quence data were retrieved for all 15 exons from 33 
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patients including 5' and 3' sequence runs. Tracings were 
viewed with FinchTV 1.3.1 (Geospiza, Seattle, WA, USA) 
and chromatograms were exported, as is, to FASTA se- 
quence file format. FASTA DNA sequences were analyzed 
with DNAMAN 5.2.8 (Lynnon Corp, Pointe Claire, Quebec, 
Canada). Multiple sequence alignments were created 
from all patients for each sequence in both 5' and 3' di- 
rections, referenced to expected sequences taken from 
the Ensembl database. Consistency and fidelity were cross- 
referenced against original tracing data and compared be- 
tween 5' and 3' sequencing runs for each patient exon. 

RNA purification, cDNA synthesis, and reverse- 
transcriptase PCR 

Messenger RNA was purified from PBMC using Qiagen 
RNeasy Mini Kit (Valencia, CA, USA) according to the 
manufacturer's instructions. RNA samples were quanti- 
fied by Nanodrop spectrophotometer. RTPCR using the 
Qiagen One-Step RT-PCR Kit was performed as previ- 
ously described using collected mRNA from patient 
samples and primers indicated in Additional file 2: 
Table S2 [46]. Briefly, the following reaction conditions 
were used: 50°C for 30 minutes, 95°C for 15 minutes, 
35 cycles of 95°C for 1 minute, specific annealing 
temperature of 60°C for 1 minute, and 72°C for 1 mi- 
nute, and a final extension of 72°C for 10 minutes. Re- 
action products were then separated and evaluated by 
agarose gel electropheresis. Amplified product bands 
were isolated from agarose gel using Qiaquik Gel Ex- 
traction Kit (Qiagen) and collected DNA samples were 
sequenced for confirmation. 

Peptides 

Four protein-coding transcripts of PAP were aligned by 
amino acid sequence using DNAMAN 5.2.8: ACPP-001 
(native PAP, Ensembl Transcript ID: ENST00000336375), 
ACPP-002 (ENST00000475741), ACPP-003 (ENST00000 
351273), and ACPP-004 (ENST00000495911). 15-mer 
peptides spanning splice junctions of the alternative PAP 
variants were synthesized (Lifetein, South Plainfield, NJ, 
USA), and were >85% in purity confirmed by high- 
pressure liquid chromatography (HPLC) and mass spec- 
troscopy (MS). A peptide pool (PAPi. 3g6 ) comprised of 38 
individual 15-mer overlapping peptides spanning the full 
length of the native PAP protein (ACPP-001) was used to 
identify immune responses to conserved regions of PAP 
[28]. Control peptides included a 15-mer peptide 
(QVYIRSTDVDRTLMS) derived from the rat PAP 
homologue and a 9-mer peptide (RLRERKQLV) derived 
from the human SSX-2 protein [47]. 

Interferon-gamma ELISPOT 

Immune response to antigen stimulation was deter- 
mined by 48-hour interferon-gamma (IFN-y) ELISPOT 



assay (Thermo Fisher Scientific), using similar method- 
ology and test antigens as previously described [14]. 
PBMC at 100,000 cells per well were incubated with 
2 ug/uL alternative splice variant peptide pools, 2 ug/uL 
control peptides, 1 ug/uL PAPi_ 386 , and 5 ug/uL phyto- 
hemagglutinin (PHA) in eight- well replicates. The num- 
ber of spots per well was determined with an automated 
ELISPOT reader (AID Diagnostika GmbH, Straussberg, 
Germany) and normalized to 10 6 starting PBMC. For 
each subject, the mean number of spots detected under 
media-only conditions was subtracted from the antigen- 
specific conditions to enumerate antigen-specific IFN-y 
spot-forming units ± standard deviation. For all patients 
the median number of IFN-y spot-forming units with 
medium alone was 104 (range 9-2408) per million 
PBMC. Comparison of experimental wells with control 
media-only wells was performed using a two-tailed t test, 
with j?-value less than 0.05 used to define a significant 
T-cell response. 

Additional files 



Additional file 1: Table SI. Genomic DNA primers for amplification 
and sequencing of PAP and PSA exons. 

Additional file 2: Table S2. DNA primers for amplification and 
sequencing of native and/or alternative splice variants of PAP. 



Abbreviations 

Aa: Amino acid; CEA: Carcino-embryonic antigen; CTL: Cytotoxic T- 
lymphocyte; HPLC: High-pressure liquid chromatography; MS: Mass 
spectrometry; NSCLC: Non-small cell lung cancer; PAP: Prostatic acid 
phosphatase; PBMC: Peripheral blood mononuclear cells; 
PHA: Phytohemagglutinin; PSA: Prostate-specific antigen; PSMA: Prostate- 
specific membrane antigen; SNP: Single nucleotide polymorphism; 
TAA: Tumor-associated antigen. 

Competing interests 

The authors declare no conflict of interest. 

Authors' contributions 

JTB carried out the sequence analysis and experimental plan, and was 
primarily responsible for the interpretation and analysis of results and 
manuscript preparation. DGM conceived of the study, and participated in the 
design and coordination, and helped to draft the manuscript. Both authors 
read and approved the final manuscript. 

Acknowledgments 

This work was supported by the Department of Defense Prostate Cancer 
Research Program W81XWH-05- 1-0404, by the National Institutes of Health 
R01 CA1 42608, R21 CA1 32267 and K23 RR16489, and by the UW Carbone 
Cancer Center. We would like to thank LE Johnson and VT Colluru for their 
editorial input and J Niece at the UWBC-DNA Core for technical assistance. 
We would like to acknowledge JS Bach and MN Rothbard for their 
intellectual inspiration. 

Received: 18 December 2012 Accepted: 6 March 2013 
Published: 29 May 2013 

References 

1. Kantoff PW, Higano CS, Shore ND, Berger ER, Small EJ, Penson DF, Redfern 
CH, Ferrari AC, Dreicer R, Sims RB, et ah Sipuleucel-T immunotherapy for 
castration-resistant prostate cancer. N Engl J Med 201 0, 363:41 1 -422. 



Becker and McNeel Journal for ImmunoTherapy of Cancer 2013, 1:2 
http://www.immunotherapyofcancer.Org/content/1/1/2 



Page 12 of 13 



2. Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, 
Gonzalez R, Robert C, Schadendorf D, Hassel JC, et at Improved survival 
with ipilimumab in patients with metastatic melanoma. N Engl J Med 
2010, 363:711-723. 

3. Grosenbaugh DA, Leard AT, Bergman PJ, Klein MK, Meleo K, Susaneck S, 
Hess PR, Jankowski MK, Jones PD, Leibman NF, er at. Safety and efficacy of 
a xenogeneic DNA vaccine encoding for human tyrosinase as adjunctive 
treatment for oral malignant melanoma in dogs following surgical 
excision of the primary tumor. Am J Vet Res 201 1, 72:1631-1638. 

4. Higano CS, Schellhammer PF, Small EJ, Burch PA, Nemunaitis J, Yuh L, Provost 
N, Frohlich MW: Integrated data from 2 randomized, double-blind, placebo- 
controlled, phase 3 trials of active cellular immunotherapy with sipuleucel- 
T in advanced prostate cancer. Cancer 2009, 1 15:3670-3679. 

5. Kantoff PW, Schuetz TJ, Blumenstein BA, Glode LM, Bilhartz DL, Wyand M, 
Manson K, Panicali DL, Laus R, Schlom J, et at Overall survival analysis of a 
phase II randomized controlled trial of a Poxviral-based PSA-targeted 
immunotherapy in metastatic castration-resistant prostate cancer. J Clin 
Oncol 2010, 28:1099-1105. 

6. Quoix E, Ramlau R, Westeel V, Papai Z, Madroszyk A, Riviere A, Koralewski P, 
Breton JL, Stoelben E, Braun D, et at Therapeutic vaccination with TG4010 
and first-line chemotherapy in advanced non-small-cell lung cancer: a 
controlled phase 2B trial. Lancet Oncol 2011, 12:1125-1133. 

7. McNeel DG, Becker JTJ.LE, Olson BM: DNA vaccines for prostate cancer. 
Curr Cane Ther Rev 201 2: . in press. 

8. Murakami T, Sunada Y: Plasmid DNA gene therapy by electroporation: 
principles and recent advances. Curr Gene Ther 201 1, 1 1:447-456. 

9. Ferraro B, Cisper NJ, Talbott KT, Philipson-Weiner L, Lucke CE, Khan AS, 
Sardesai NY, Weiner DB: Co-delivery of PSA and PSMA DNA vaccines with 
electroporation induces potent immune responses. Hum Vaccin 201 1, 7 
(Suppl):120-127. 

10. Zhang X, Yu C, Zhao J, Fu L, Yi S, Liu S, Yu T, Chen W: Vaccination with a 
DNA vaccine based on human PSCA and HSP70 adjuvant enhances the 
antigen-specific CD8+ T-cell response and inhibits the PSCA+ tumors 
growth in mice. J Gene Med 2007, 9:71 5-726. 

1 1 . Yuan J, Ku GY, Gallardo HF, Orlandi F, Manukian G, Rasalan TS, Xu Y, Li H, Vyas S, 
Mu Z, ef at Safety and immunogenicity of a human and mouse gpl 00 DNA 
vaccine in a phase I trial of patients with melanoma. Cancer Immun 2009, 9:5. 

1 2. Wolchok JD, Gregor PD, Nordquist LT, Slovin SF, Scher HI: DNA vaccines: an 
active immunization strategy for prostate cancer. Semin Oncol 2003, 
30:659-666. 

1 3. McNeel DG, Dunphy EJ, Davies JG, Frye TP, Johnson LE, Staab MJ, Horvath 
DL, Straus J, Albert] D, Marnocha R, et at Safety and immunological 
efficacy of a DNA vaccine encoding prostatic acid phosphatase in 
patients with stage DO prostate cancer. J Clin Oncol 2009, 27:4047-4054. 

14. Becker JT, Olson BM, Johnson LE, Davies JG, Dunphy EJ, McNeel DG: DNA 
vaccine encoding prostatic acid phosphatase (PAP) elicits long-term T- 
cell responses in patients with recurrent prostate cancer. J Immunother 
2010, 33:639-647. 

1 5. Gulley JL, Madan RA, Tsang KY, Arlen PM, Camphausen K, Mohebtash M, 
Kamrava M, Schlom J, Citrin D: A pilot safety trial investigating a vector- 
based vaccine targeting carcinoembryonic antigen in combination with 
radiotherapy in patients with gastrointestinal malignancies metastatic to 
the liver. Expert Opin Biol Ther 2011, 11:1409-1418. 

16. Staff C, Mozaffari F, Haller BK, Wahren B, Liljefors M: A Phase I safety study 
of plasmid DNA immunization targeting carcinoembryonic antigen in 
colorectal cancer patients. Vaccine 2011, 29:681 7-6822. 

1 7. Gnjatic S, Altorki NK, Tang DN, Tu SM, Kundra V, Ritter G, Old U, Logothetis 
CJ, Sharma P: NY-ESO-1 DNA vaccine induces T-cell responses that are 
suppressed by regulatory T cells. Clin Cancer Res 2009, 15:2130-2139. 

1 8. Pavlenko M, Roos AK, Lundqvist A, Palmborg A, Miller AM, Ozenci V, Bergman 
B, Egevad L, Hellstrom M, Kiessling R, et at A phase I trial of DNA vaccination 
with a plasmid expressing prostate-specific antigen in patients with 
hormone-refractory prostate cancer. Br J Cancer 2004, 91:688-694. 

1 9. Weber JS, Vogelzang NJ, Ernstoff MS, Goodman OB, Cranmer LD, Marshall 
JL, Miles S, Rosario D, Diamond DC, Qiu Z, et at. A phase 1 study of a 
vaccine targeting preferentially expressed antigen in melanoma and 
prostate-specific membrane antigen in patients with advanced solid 
tumors. J Immunother 201 1, 34:556-567. 

20. Johnson LE, Frye TP, McNeel DG: Immunization with a prostate cancer 
xenoantigen elicits a xenoantigen epitope-specific T-cell response. 
Oncoimmunology 201 2, 1:1 546-1 556. 



21. Fong L, Ruegg CL, Brockstedt D, Engleman EG, Laus R: Induction of tissue- 
specific autoimmune prostatitis with prostatic acid phosphatase 
immunization; implications for immunotherapy of prostate cancer. 

J Immunol 1 997, 1 59:3 1 1 3-3 1 1 7. 

22. Peshwa MV, Shi JD, Ruegg C, Laus R, van Schooten WC: Induction of 
prostate tumor-specific CD8+ cytotoxic T-lymphocytes in vitro using 
antigen-presenting cells pulsed with prostatic acid phosphatase peptide. 
Prostate 1998, 36:129-138. 

23. Olson BM, Frye TP, Johnson LE, Fong L, Knutson KL, Disis ML, McNeel DG: 
HLA-A2-restricted T-cell epitopes specific for prostatic acid phosphatase. 
Cancer Immunol Immunother 201 0, 59:943-953. 

24. Madan RA, Arlen PM, Mohebtash M, Hodge JW, Gulley JL: Prostvac-VF: a 
vector-based vaccine targeting PSA in prostate cancer. Expert Opin 
Investig Drugs 2009, 18:1001-101 1. 

25. Sikaris K: Prostate cancer screening. Pathology 2012, 44:99-109. 

26. Strausberg RL, Feingold EA, Grouse LH, Derge JG, Klausner RD, Collins FS, 
Wagner L, Shenmen CM, Schuler GD, Altschul SF, et at Generation and 
initial analysis of more than 15,000 full-length human and mouse cDNA 
sequences. Proc Natl Acad Sci USA 2002, 99:1 6899-1 6903. 

27. McNeel DG, Nguyen LD, Ellis WJ, Higano CS, Lange PH, Disis ML: Naturally 
occurring prostate cancer antigen-specific T cell responses of a Thl 
phenotype can be detected in patients with prostate cancer. Prostate 
2001,47:222-229. 

28. Johnson LE, McNeel DG: Identification of prostatic acid phosphatase 
(PAP) specific HLA-DR1 -restricted T-cell epitopes. Prostate 2012:. in press. 

29. Huang J, Yao JL, di Sant'Agnese PA, Yang Q, Bourne PA, Na Y: 
Immunohistochemical characterization of neuroendocrine cells in 
prostate cancer. Prostate 2006, 66:1399-1406. 

30. Couzin-Frankel J: Cancer screening. Genetic analysis points the way to 
individualized PSA tests. Science 2010, 330:1602. 

31 . Penney KL, Schumacher FR, Kraft P, Mucci LA, Sesso HD, Ma J, Niu Y, 
Cheong JK, Hunter DJ, Stampfer MJ, Hsu SI: Association of KLK3 (PSA) 
genetic variants with prostate cancer risk and PSA levels. Carcinogenesis 

2011, 32:853-859. 

32. Gutman AB, Gutman EB: An acid phosphatase in the serum of patients 
with metastasizing carcinoma of the prostate gland. J Clin Invest 1 938, 

17:473-479. 

33. Liu Y, Hegde P, Zhang F, Hampton G, Jia S: Prostate cancer - a biomarker 
perspective. Front Endocrinol 2012, 3:72. 

34. Leewansangtong S, Goktas S, Lepoff R, Holthaus K, Crawford ED: Comparability 
of serum prostate-specific antigen measurement between the hybritech 
Tandem-R and Abbott AxSYM assays. Urology 1 998, 52:467-469. 

35. Bilusic M, Gulley JL: Endpoints, patient selection, and biomarkers in the 
design of clinical trials for cancer vaccines. Cancer Immunol Immunother 

2012, 61:109-117. 

36. Duan J, Wainwright MS, Comeron JM, Saitou N, Sanders AR, Gelernter J, 
Gejman PV: Synonymous mutations in the human dopamine receptor D2 
(DRD2) affect mRNA stability and synthesis of the receptor. Hum Mol 
Genet 2003, 12:205-216. 

37. Edwards NC, Hing ZA, Perry A, Blaisdell A, Kopelman DB, Fathke R, Plum W, 
Newell J, Allen CE,SG, ef at Characterization of coding synonymous and 
non-synonymous variants in ADAMTS13 using ex vivo and in silico 
approaches. PLoS One 2012, 7:e38864. 

38. Wang D, Sadee W: Searching for polymorphisms that affect gene 
expression and mRNA processing: example ABCB1 (MDR1). AAPS J 2006, 
8:E515-E520. 

39. Willie E, Majewski J: Evidence for codon bias selection at the pre-mRNA 
level in eukaryotes. Trends in genetics : TIG 2004, 20:534-538. 

40. Galon J, Pages F, Marincola FM, Thurin M, Trinchieri G, Fox BA, Gajewski TF, 
Ascierto PA: The immune score as a new possible approach for the 
classification of cancer. J Transl Med 2012, 10:1. 

41 . Characiejus D, Jacobs JJ, Pasukoniene V, Kazlauskaite N, Danileviciute V, 
Mauricas M, Den Otter W: Prediction of response in cancer 
immunotherapy. Anticancer Res 201 1, 31:639-647. 

42. Mazzoccoli G, Sothern RB, Parrella P, Muscarella LA, Fazio VM, Giuliani F, 
Polyakova V, Kvetnoy IM: Comparison of circadian characteristics for 
cytotoxic lymphocyte subsets in non-small cell lung cancer patients 
versus controls. Clin Exp Med 2012, 12:181-194. 

43. Silver AC, Arjona A, Walker WE, Fikrig E: The circadian clock controls toll- 
like receptor 9-mediated innate and adaptive immunity. Immunity 2012, 
36:251-261. 



Becker and McNeel Journal for ImmunoTherapy of Cancer 2013, 1:2 
http://www.immunotherapyofcancer.Org/content/1/1/2 



Page 13 of 13 



44. Olson BM, Jankowska-Gan E, Becker JT, Vignali DA, Burlingham WJ, McNeel 
DG: Human prostate tumor antigen-specific CD8+ regulatory T cells are 
inhibited by CTLA-4 or IL-35 blockade. 1 Immunol 201 2, 1 89:5590-5601 . 

45. Sanger F, Coulson AR: A rapid method for determining seguences in DNA 
by primed synthesis with DNA polymerase. J Mol Biol 1975, 94:441-448. 

46. Smith HA, Cronk RJ, Lang JM, McNeel DG: Expression and 
immunotherapeutic targeting of the SSX family of cancer-testis antigens 
in prostate cancer. Cancer Res 201 1, 71:6785-6795. 

47. Smith HA, McNeel DG: Vaccines targeting the cancer-testis antigen SSX-2 
elicit HLA-A2 epitope-specific cytolytic T cells. J Immunother 201 1, 
34:569-580. 

■ • 

doi:10.1 186/2051-1426-1-2 

Cite this article as: Becker and McNeel: Presence of antigen-specific 
somatic allelic mutations and splice variants do not predict for 
immunological response to genetic vaccination. Journal for 
ImmunoTherapy of Cancer 201 3 1:2. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^'\ n! _, ul _-| r Q r,tr=l 

www.biomedcentral.com/submit ammBa central 



V 



